Dendritic cells (DCs) have long been recognized as key regulators of immune responses. However, the process of their recruitment to peripheral tissues and turnover during homeostasis remains largely unknown. The chemokine CXCL14 (BRAK) is constitutively expressed in skin and other epithelial tissues. Recently, the human chemokine was proposed to play a role in the homeostatic recruitment of macrophage and/or DC precursors toward the periphery, such as skin. Although so far no physiological function could be demonstrated for the murine CXCL14, it shows a remarkable homology to the human chemokine. In order to elucidate the in vivo role of CXCL14, we generated a mouse defective for this chemokine. We studied various components of the immune system with emphasis on monocytes/macrophages and DC/Langerhans cell (LC) populations in different tissues during steady state but did not find a significant difference between knockout (CXCL14 ؊/؊ ) and control mice. Functionally, LCs were able to become activated, to migrate out of skin, and to elicit a delayed type of hypersensitivity reaction. Overall, our data indicate that murine CXCL14 is dispensable for the homeostatic recruitment of antigen-presenting cells toward the periphery and for LC functionality.
Antigen-presenting cells (APCs) are unique in their capacity to initiate adaptive immunity in naïve T cells. The vast majority of dendritic cells (DCs) are present at extravascular sites including epithelial tissues such as skin and gut (2, 3, 45) . In an "immature" state, characterized by their ability to take up and process antigen and by their responsiveness to inflammatory chemokines, DCs screen the environment and act as essential sentinel cells. "Mature" DCs home to lymph nodes, where they present antigen to T cells and provide expert costimulatory signals. Besides this proinflammatory role, DCs are also important in the induction of tolerance (48) . During steady state, also described as a condition lacking "danger" signals, DCs take up and present self-antigen for the elimination of self-reactive T cells and/or the induction of regulatory T cells (23, 48) .
The process of DC localization and relocation in the course of inflammation has been widely studied (39) . At the site of injury or infection, inflammatory chemokines such as CCL2, CCL5, and CXCL8 are produced to attract immature DCs that express CCR1, CCR2, CCR5, and CXCR1. After antigen uptake, DCs downregulate their inflammatory chemokine receptors and upregulate the lymph node homing receptor CCR7.
Maturing CCR7
ϩ DCs then enter CCL21-expressing lymphatic vessels and travel to the draining lymph nodes where CCL19 and CCL21, the ligands of CCR7, are produced (39) .
On the other hand, little is known about the constitutive recruitment of DC and also macrophage precursors into peripheral tissues such as skin, intestine, and lung in the absence of inflammation.
CXCL14 is a chemokine with unknown function and receptor selectivity (4, 9, 15) . Human CXCL14, alternatively called BRAK and MIP-2␥, is constitutively produced in healthy epithelial tissues such as skin and gut. CXCL14 is also present in various tumors of epithelial origin, but the level of expression is heterogeneous, with the majority showing a downregulation with respect to healthy tissue (4, 9, 15, 19, 43, 44, 46) . Recently, we have shown that human CXCL14 is selective for blood monocytes and CD14 ϩ DC precursors, either derived from CD34 ϩ hematopoietic progenitor cells or isolated from blood (19, 42) . The prominent expression in normal epidermis as well as on blood vessels in the superficial dermal plexus led us to propose the hypothesis that human CXCL14 might contribute to the recruitment of cutaneous DCs under steady-state conditions. Additionally, several recent reports provide evidence for a role in antitumor immunity (32, 43, 46) . Much less is known about murine CXCL14, originally termed BMAC or KS1 (47) . Murine CXCL14 has 94% sequence similarity at the protein level with its human orthologue and shows a similar expression profile with high and constitutive expression in normal peripheral tissues such as ovary, lung, and brain (47) and also skin, intestine, and kidney (unpublished observation). The function of murine CXCL14 remains largely unknown.
To explore the role of murine CXCL14 in vivo, we generated C57BL/6 mice with a targeted disruption of the CXCL14 gene. We made a comprehensive analysis of the CXCL14 Ϫ/Ϫ mice, including gross anatomy, histology, and hematology examinations. In addition, as a consequence of our findings with human CXCL14 (19, 42) , we examined in detail the macrophage and DC populations during steady state in several peripheral organs, with emphasis on the skin. Finally, we tested different Langerhans cell (LC) functions during inflammation in vivo. Surprisingly, the absence of murine CXCL14 did not produce an obvious phenotype. Murine CXCL14 seems to be dispensable, or at least redundant, for DC and macrophage homeostasis and various LC functions. stained with Mayer's hematoxylin (Sigma) and mounted using Aquamount (BDH Laboratory Supplies).
Epidermal and dermal sheets. Fresh ears were split with the aid of fine forceps and incubated for 40 min at 37°C on 0.5 M ammonium thiocyanate. The epidermis was separated from the dermis using forceps and washed in phosphate-buffered saline (PBS; pH 7.2). Epidermal sheets were fixed in acetone for 20 min at Ϫ20°C, washed in PBS, and incubated at room temperature for 30 min with PBS-10% donkey serum. Following this blocking step, the sheets were stained overnight with hamster anti-mouse CD3 or biotinylated mouse anti-mouse I-A b at 4°C in PBS-5% donkey serum. The sheets were washed for 10 min in PBS and, for the CD3 staining, incubated for a further 90 min with biotinylated goat anti-hamster IgG at 37°C in PBS-5% donkey serum. After another washing step, the sheets were incubated for 90 min with streptavidin-AF488 (Molecular Probes) at 37°C in PBS-5% donkey serum. Finally, the sheets were washed in PBS and mounted on microscope slides using a SlowFade Antifade Kit (Molecular Probes) and sealed with nail varnish. Samples were examined by fluorescent microscopy, and the frequency of stained cells was assessed using an eyepiece with a calibrated grid at a magnification of ϫ20. Eight randomly selected fields were counted per sheet, and results are expressed as the mean number of cells/mm 2 (Ϯ standard error of the mean [SEM]) derived from five to seven animals in two independent experiments. The statistical significance of differences between experimental groups was calculated using a Student's t test. For the staining of activated LCs and dermal cords, the whole ear skin was first cultured for 3 days in complete RPMI medium as described below, before separation into epidermal and dermal sheets and staining for LCs as described above.
Ear skin explants. The protocol used was that described by Larsen et al. and Ortner et al. (21, 31) . In brief, the ears were dissected, rinsed in 70% ethanol, and allowed to dry for 10 min. The ventral and dorsal sheets were separated with a pair of fine forceps. The two halves were transferred dermal side down in 24-well tissue culture plates in 1.5 ml of RPMI 1640 medium supplemented with 2 mM L-glutamine, 1% nonessential amino acids, 1% sodium pyruvate, 50 g/ml penicillin-streptomycin, 0.5 M ␤-mercaptoethanol (all Invitrogen), and 10% heatinactivated fetal calf serum (Biological Ind.); cells were allowed to migrate out for 7 days. The ear halves were transferred on new culture wells with fresh medium every day, and the cells that had migrated into the medium were collected daily. The cells from the two ear halves were pooled and evaluated by fluorescence-activated cell sorting (FACS). LCs/DCs were identified by I-A b and CD11c.
Flow cytometry. Single-cell suspensions were prepared from spleen, femoral bone marrow, and blood and from axillary, brachial, and inguinal lymph nodes. The spleen was disrupted by mechanical dissociation, while the lymph nodes were incubated for 40 min at 37°C with 1 mg/ml collagenase D (Roche), 20 U/ml DNase I (Roche) in serum-free RPMI medium. Cells were separated by passing them through a 40-m-pore-size cell strainer and washed in PBS-5 mM EDTA-2% fetal calf serum. Prior to staining, blood, splenocytes, and bone marrow cells were subjected to red blood cell lysis using 5 to 10 ml of lysis buffer (0.15 M NH 4 Cl, 10 mM KHCO 3 , 0.1 M EDTA). Cells were routinely incubated with 2.4G2 (BD Biosciences) or, if a secondary anti-rat antibody was used, with 600 g/ml mouse IgG (Sigma) to block Fc receptors; cells were subsequently labeled with antibodies diluted in PBS-1% bovine serum albumin-0.05% azide for 30 min on ice. In some cases, a secondary incubation step using FITC-or PE-labeled secondary antibody or streptavidin-APCs was added. Cells were stained with propidium iodide to exclude dead cells and analyzed using a FACSCalibur (Becton Dickinson) instrument and CellQuest software.
Delayed-type hypersensitivity (DTH). Mice were sensitized on the shaved back skin with 25 l of 0.5% dinitrofluorobenzene (DNFB) in acetone 4 and 5 days prior to challenge with 10 l of 0.25% DNFB in acetone on each side of the ear. Ear thickness was measured for the next consecutive 8 days.
Wound healing. Mice were anesthetized with a single intraperitoneal injection of avertin (0.5 g per 10 g of body weight), and four full-thickness wounds were created on the back of each mouse by using a 6-mm biopsy punch. Wound closure was monitored daily for 17 days in at least eight mice for each time point and genotype, and wound area measurements were performed as described previously (50) .
Peritonitis. Peritoneal inflammation was induced in 6-to 8-week old female wild-type or CXCL14 Ϫ/Ϫ mice by intraperitoneal injection of 1 ml of sterile 3%
Brewer's thioglycolate solution (Sigma). After 5 days, total peritoneal cells were collected by washing the peritoneum with 40 ml of PBS and analyzed by flow cytometry. 
RESULTS

Generation of CXCL14
؊/؊ mice. To completely eliminate the expression of CXCL14, a targeting vector was constructed for deletion of the 3Ј part of exon 1 and full-length exons 2 and 3 ( Fig. 1A) . After electroporation into a 129/Sv ES cell line, ES cells were screened by Southern blotting with a 5Ј external probe (data not shown). Positive clones were confirmed with a 3Ј internal probe, and one clone was injected into C57BL/6 blastocysts to generate chimeric mice. Germ line transmission of the mutant allele yielded heterozygous mice, which were intercrossed to generate CXCL14 Ϫ/Ϫ mice, as determined by Southern blotting (Fig. 1B ) and, routinely, by PCR (Fig. 1C ) of genomic tail DNA. PCR of lung RNA (Fig. 1D ) confirmed the lack of CXCL14 mRNA.
Mice heterozygous or homozygous for the CXCL14 allele appeared healthy and developed normally. Both heterozygous ϫ heterozygous and homozygous ϫ homozygous breeding pairs produced litters; however, litter size of the homozygous pairs seemed smaller, with occasional postnatal death between days 2 and 3. Whole-body analysis of either living or dying newborns did not show an obvious defect. In addition, intercrossing of heterozygous mice did not yield the predicted Mendelian frequency of 25% but only 10.3% CXCL14 Ϫ/Ϫ mice (Table 1) . Further experiments are under way to investigate this unexpected and unusual finding.
The surviving CXCL14
Ϫ/Ϫ mice were significantly lighter than their wild-type littermates (females, 12 to 16%; males, 15 to 20%) as measured over a time period of 6 weeks. However, they exhibited no macroscopic or histological alteration in all organs examined by hematoxylin-eosin staining (spleen, thymus, lung, liver, heart, intestine, kidney, brain, muscle, ovary, and skin) (data not shown).
Normal distribution of leukocyte populations in blood and lymphoid tissues. As human CXCL14 was shown to be involved in monocyte and DC recruitment (19, 42, 44, 46) , these subsets were analyzed in more detail in blood, spleen, bone marrow, and peripheral lymph nodes ( Fig. 2A and B) . At least four main DC subsets have been identified in mice, which are distinguished by their expression of CD11c, CD8, CD11b, B220, and CD205 (1, 12) . Three of these populations, known as myeloid (CD11c high CD11b ϩ CD8 Ϫ B220 Ϫ ), lymphoid and CD11c Ϫ subsets to distinguish between "resident" and "inflammatory" monocytes, respectively (11, 51) . No significant differences could be found in any of these subsets between the CXCL14 Ϫ/Ϫ and the wild-type animals. No qualitative and quantitative differences were observed with respect to other cell types in blood and lymphoid organs, e.g., B cells (B220, IgM, and IgD), T cells (CD4, CD8, and T-cell receptor ␥␦ To analyze DC homing to lymphoid tissues in vivo, carboxyfluorescein succinimidyl ester-labeled myeloid DCs were injected intravenously, and 18 h later, thymus, spleen, lymph nodes, and bone marrow were checked for the presence of labeled DCs by flow cytometry. Again, no significant difference in homing frequency could be observed between the CXCL14 Ϫ/Ϫ and control mice (data not shown).
Therefore, mice deficient in CXCL14 were devoid of any obvious alteration in their leukocyte distribution in blood, bone marrow, and secondary lymphoid organs, such as spleen and peripheral lymph nodes.
Macrophages and DCs are present at normal numbers in epithelial tissues of CXCL14 ؊/؊ mice. To address the question whether murine CXCL14 could be involved in the homeostatic recruitment of monocytes and/or DC precursors toward the periphery, various tissues were examined for the presence of macrophages and DCs. Due to the prominent expression of CXCL14 in the human epidermis (19, 42) , emphasis was placed on normal (uninflamed) murine skin. Epidermal sheets from CXCL14 Ϫ/Ϫ mice stained with an anti-major histocompatibility complex class II (MHC-II) antibody showed normal numbers of LCs. They displayed a DC morphology and expression of MHC-II similar to control mice ( Fig. 3A and B) . Dendritic epidermal ␥␦-T cells (DETCs), as detected by CD3 expression, were also present in normal numbers in the epidermis of CXCL14 Ϫ/Ϫ mice ( Fig. 3A and B) . Macrophages and dermal DCs, analyzed by immunohistochemistry with antibodies to F4/80 and CD11c, respectively, showed no alteration in location and numbers in CXCL14 Ϫ/Ϫ mice (Fig. 3C ). Other immune cell populations in normal skin, such as T cells and mast cells, were not altered either (data not shown). Similar distribution of macrophages and DCs could also be found in other tissues such as lung, intestine, kidney, liver, thymus, ovary, and heart (data not shown). Thus, macrophages and DCs are present in normal numbers in peripheral tissues of CXCL14 Ϫ/Ϫ mice and feature distribution and morphological characteristics similar to those in control mice.
LCs of CXCL14 ؊/؊ mice display normal activation and skin emigration properties. Due to their prototypical location, LCs play a pivotal role in the induction of cutaneous immunity in response to a multitude of external threats, such as bacteria, viruses, toxins, and chemicals (18, 36) . LCs capture and process exogenous antigens, upregulate MHC-II and costimulatory molecules, and leave the epidermis by migrating through lymphatic vessels into skin-draining lymph nodes, where they present antigens to naïve T cells.
The skin explant culture established by Larsen et al. and Ortner et al. has become a widely used model to study the morphology and migration pathway of LCs and dermal DCs in vitro (21, 31, 54) . At the onset of the cultures, LCs round up, enlarge in size, and upregulate MHC-II before they start to leave the epidermis and migrate through the dermis into the culture medium. In the dermis, DCs and LCs accumulate in characteristic string-like lymphatic vessels called dermal cords that were also observed upon stimulation in vivo but not in normal, uninflamed skin (35, 54) . We therefore studied whether the absence of CXCL14 could influence these early steps in LC activation and migration. Epidermal sheets were prepared from either fresh skin (Fig.  4A , left frames) or after culturing of skin tissue for 3 days, a situation known to mimic inflammation (Fig. 4A, right frames) , and then were stained for LCs. As described previously, after 3 days of culture, many cells have already left the epidermis, and the LCs remaining within the epidermal sheets showed an activated phenotype (33, 49, 54) . In the dermis, DCs and LCs, identified by MHC-II, have accumulated in dermal cords (Fig.  4B) . No significant difference could be found in any of these steps between the CXCL14 Ϫ/Ϫ and wild-type animals. The culture medium of the skin explants was analyzed daily by FACS for the presence of emigrant cells that consisted mainly of activated DCs/LCs (MHC-II high CD11c ϩ ) and DETCs (TCR-␥␦ ϩ ) (Fig. 4C) . Also, the addition of the CCR7 ligand, CCL21, enhanced the accumulation of CD11c ϩ cells but not DETCs, indicating that the culturing of skin explants induced DC maturation (data not shown) (38) . Again, DCs/LCs and DETCs from CXCL14 Ϫ/Ϫ mice were indistinguishable from control mice with regard to both absolute numbers of emigrant cells and cellular composition (percentage of total emigrant cells). The addition of CXCL14 into the culture medium did not influence the migration of any of these cells out of skin explants, suggesting that these cells did not respond to this chemokine (data not shown).
Taken together, these data indicate that murine CXCL14 is not involved in the early steps of LC activation and migration.
Normal skin DC function in CXCL14 ؊/؊ mice in response to inflammation. Tissue inflammation as a result of a DTH reaction is dependent on tissue-resident DCs, which mature upon capture of antigens and migrate to tissue-draining lymph nodes in order to prime antigen-specific T cells. To assess whether the lack of CXCL14 affects inflammatory DC function, we elicited a DNFB-dependent DTH reaction. Ear thickness as a result of tissue inflammation was measured in DNFB-sensitized wild-type and CXCL14 Ϫ/Ϫ mice after a single challenge with DNFB. No difference in ear swelling was found after 1 day and for the next consecutive 7 days, indicating that lack of CXCL14 does not affect the DC-dependent initiation and resolution of the inflammatory response (Fig. 4D) .
Normal peritoneal recruitment of inflammatory macrophages in CXCL14
؊/؊ mice. We have recently shown that blood monocytes, at least in humans, are attracted by CXCL14. Therefore, CXCL14 may promote the accumulation of macrophages (the progeny of monocytes) at the site of inflammation. In order to examine this hypothesis, we induced sterile peritonitis by thioglycolate injection and determined the numbers of inflammatory leukocytes after 5 days. At that time, macrophages are a prominent cell type. However, recruitment of macrophages, B1 B cells, NK cells, neutrophils, and DCs was similar in CXCL14 Ϫ/Ϫ and wild-type mice (Fig. 5 and data not shown), indicating that CXCL14 is not needed for inflammatory macrophage recruitment. CXCL14 ؊/؊ mice display unchanged skin wound healing. After skin injury, a dynamic process of tissue repair is initiated that consists of an inflammatory response followed by reepithelialization of the wound area and establishment of the granulation tissue with accompanying angiogenesis and wound contraction (6) . Besides their role in migration, certain chemokines are involved in angiogenesis, hematopoiesis, and organogenesis (14, 22, 37) . As CXCL14 was shown to be absent from a variety of tumors, Shellenberger et al. hypothesized that CXCL14 could be involved in the tumor-associated angiogenesis and could indeed demonstrate inhibition of angiogenesis by CXCL14 (44) . Furthermore, activated macrophages release growth factors and cytokines, namely, platelet-derived growth factor, fibroblast growth factor 2, and transforming growth factor ␤1, as well as tumor necrosis factor ␣ and interleukin-1, that modulate tissue repair and angiogenesis (29) . The critical role of macrophages in angiogenesis and tissue remodeling together with their responsiveness to CXCL14 led us to examine whether a lack of CXCL14 affects wound healing. Wound closure as a measure of wound healing was measured on the back skin of CXCL14 Ϫ/Ϫ and control mice that initially carried a full-thickness wound. Surprisingly, the absence of CXCL14 did not affect the overall wound healing process since skin wounds closed at similar rates in CXCL14 Ϫ/Ϫ and wild-type mice, i.e., within 2 weeks (data not shown).
DISCUSSION
Characterization of target cells for CXCL14 is hampered by the fact that its receptor has not been identified. Still, the summary of locations at which CXCL14 is being produced narrows the spectrum of potential target cells. Strong expression of CXCL14 in healthy human skin (19, 42) , which is not further upregulated in skin diseases, such as atopic dermatitis (19) and psoriasis (data not shown), indicates a homeostatic as opposed to inflammatory role for this chemokine (25, 26) . We have shown previously that human CXCL14 attracts blood monocytes and CD14
ϩ DC precursors generated during in vitro culture of CD34 ϩ hematopoietic progenitor cells (19, 42) . We were unable to detect alternative CXCL14-responsive cell types, such as LCs and DCs, or other cell lineages like T, B, and NK cells. Other laboratories reported a role for CXCL14 in the recruitment of DCs by showing chemotactic activity for immature DCs (44, 46) . At present we have no explanation for this obvious discrepancy between our findings and those of other groups. Nevertheless, the abundant expression of CXCL14 in the epidermis and on blood vessels in the dermis provided further evidence for our hypothesis that human CXCL14 contributes to the recruitment of DC/LC precursors toward the skin under steady-state conditions. Similar to T cells (41) , the process of APC precursor recruitment toward peripheral tissues during homeostasis remains largely unknown. Most of the studies so far have concentrated on the recruitment of LCs into the epidermis (5, 8, 20, 52) . The chemokine CCL20, the single ligand for CCR6, was originally proposed to regulate LC recruitment during steady state (5); however, the expression of CCL20 in uninflamed skin could not be confirmed by others (8, 13) . The prominent upregulation of CCL20 during inflammation may suggest an inflammatory role for this chemokine (8, 13, 52) . In addition, although the CCR6 knockout mice show altered localization of intestinal DCs, a defect in LCs within the epidermis was not apparent (7, 53) .
Another provocative study supports the view that during inflammation, LCs are replaced by circulating bone marrow precursors or monocytes, via inflammatory chemokine receptors, while during steady state, LCs are long-lived and either are replaced by a skin resident precursor or proliferate locally to sustain the low number of migratory LCs (10, 20, 24) . Whether this model turns out to be true in vivo remains to be shown, and how it might relate to other DC subsets is unknown. In fact, in most tissues, DCs are turning over rapidly even in the steady state and therefore cannot be compared directly with LCs.
To get further insight into the role of CXCL14 and to test whether it could indeed be involved in any of the processes described above, we generated a mouse defective for CXCL14. Murine CXCL14 and human CXCL14 are highly conserved at the protein level and resemble each other with regard to the tissue distribution and control of CXCL14 expression. Surprisingly, the CXCL14 Ϫ/Ϫ mouse developed normally and displayed no obvious phenotype, with the exception of a significant weight reduction and a disturbed Mendelian breeding pattern and occasional postnatal death of newborns at day 2 to 3. Whole-body analysis of these newborns did not reveal a striking abnormality, and further experiments aimed at identifying the potential role of CXCL14 in embryogenesis are under way.
The series of organs from CXCL14 Ϫ/Ϫ mice that we examined did not exhibit macroscopic or morphological alterations and did not display abnormal cell numbers of leukocytes, including monocytes/macrophages, DCs/LCs, and lymphocytes. Moreover, to test whether murine CXCL14 could be involved in the homeostatic recruitment of APC precursors toward the periphery, various organs were screened for the presence of macrophages and DCs by immunohistochemistry. No difference could be found in any of the major CXCL14-producing tissues such as intestine, kidney, and lung. CXCL14 was shown to be prominently expressed in the epidermis and, therefore, emphasis was laid on the analysis of different immune cell populations present in the skin. The epidermal MHC-II-positive dendritic network within CXCL14 Ϫ/Ϫ mice was found to be indistinguishable in morphology or absolute numbers from wild-type mice. Other leukocytes, such as DETCs, dermal DCs, macrophages, T cells, and mast cells were also present. Thus, right now we have no evidence for a role of murine CXCL14 in the recruitment of leukocyte subsets with known functions within normal murine skin.
To test whether the absence of CXCL14 could alter LC function, an ex vivo ear explant model was used to analyze early steps in LC activation and migration, and, additionally, a DTH reaction was induced to investigate the in vivo relevance. Again, no difference was observed between the CXCL14 Ϫ/Ϫ and control mice, indicating that neither the migratory nor the APC functions of LCs are compromised in the absence of CXCL14.
Chemokines not only control immune cell recruitment but also mediate functions unrelated to migration but related to hematopoiesis and embryogenesis (14, 22) . As CXCL14 is very strongly and constitutively expressed in epithelia throughout the body, it was surprising to find no obvious phenotype in any of these events. Angiogenesis is essential for a number of physiological and pathophysiological events, such as embryogenesis, wound healing, chronic inflammation, and tumor growth and is also known to be influenced by chemokines (14, 37) . CXCL14 was once even suggested to negatively regulate angiogenesis (44) , and, therefore, we examined the potential role of CXCL14 in wound healing. However, we show here that CXCL14 is also dispensable for this process.
The lack of phenotype is unexpected, particularly with regard to the strong and ubiquitous expression pattern of CXCL14. Especially, the undisturbed APC homeostasis is surprising and might be explained with species differences between mice and humans. Of course, we also cannot rule out a more subtle role of CXCL14 that we have not addressed so far. The chemokine receptor knockout of CX 3 CR1, for example, initially revealed no phenotype (16) . However, in a later study it was discovered that lamina propria DCs were unable to develop transepithelial dendrites, leading to impaired access to the intestinal lumen and bacterial clearance (30) .
Another possible explanation for the unexpected lack of phenotype could be the redundancy or compensation by other chemokines. The whole chemokine system, composed of approximately 50 ligands and 20 receptors, is known for its considerable functional redundancy. In particular, single deletions of inflammatory chemokines or their receptors often had little or no discernible effect upon immune function (34) . Homeostatic chemokines, on the other hand, often developed a more profound defect upon their removal, as shown by the lethality of CXCL12/CXCR4 knockout mice (34) or the severe defects in mice lacking CCL19/ CCL21/CCR7 or CXCL13/CXCR5 (27) .
Candidates with potentially synergistic activity with CXCL14 are the ligands for CCR2 and CCR6. Both have been proposed to be involved in APC recruitment toward the skin, but single knockouts did not clarify this hypothesis (40, 52, 53) . Possibly, mice with multiple defects in chemokine production may prove to be more useful. Our CXCL14 Ϫ/Ϫ mouse may represent a valuable tool for further investigations on APC recruitment and function and may provide a critical first step in elucidating the in vivo role of CXCL14. 
